Zoonoses
A number of biological agents (bacteria, viruses, parasites, and toxins) with zoonotic potential may be found in aquatic species and their environment (tank water). If these agents are present in tank water, they may be transmitted to humans, most commonly via the percutaneous route when abrasions to the skin are present, but may also be transmitted orally or through mucous membrane exposure. With the exception of food poisoning, the incidence of zoonotic disease related to handling aquatic animals or tank water is low, and in most cases can be attributed to a failure of personnel to wash their hands properly after contact with aquarium water or species (Levings, 2006) . Because the possibility of infection with atypical mycobacteria, Vibrio spp., and a variety of gram-negative bacteria exists when contacting fish or placing hands in tank water (i.e., in zoo "touch tanks"), all contact should be followed by handwashing (Cantas et al., 2012; Miller 1998; Roeselers et al., 2011) . Immunocompromised individuals and those on im-munosuppressive medication have a higher rate of disease incidence and severity compared to immunocompetent individuals (Lessing, 1993) . The Zebrafish International Resource Center (ZIRC, 2014) provides a resource that states, "Although zebrafish have become an extremely important research model, relatively little is known about the diseases that affect this species when held in captivity" (Kent, 2012) . The list of zoonotic agents below provides an example of agents transmitted via fish tank water and handling of fish, which may or may not be present in all zebrafish populations. In some cases, these organisms may have been introduced to the zebrafish as part of a study of pathogenesis.
M. marinum and other mycobacterial species are grampositive and acid-fast bacteria that may infect humans with non-intact, lacerated, or abraded skin that contacts aquarium water or aquatic animals. The potential for laboratoryacquired infection has been described (Byers, 2002) . A localized granulomatous nodule may form at the site of infection, most commonly on hands or fingers about 6-8 weeks after exposure. It first appears as reddish bumps and slowly enlarges into purplish nodules. This can spread to nearby lymph nodes. More severe and disseminated forms of the disease can occur in immunocompromised individuals. Patient records from 1990-2000 were reviewed at the Dartmouth-Hitchcock Medical Center and revealed eight patients with M. marinum infection. Of the eight, three taking immunosuppressive drugs and one with diabetes mellitus had deep skin and disseminated lesions (Lewis, 2003) . A retrospective study was conducted at Henry Ford Hospital and identified five cases over a 10-year period (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) involving infection of aquarium owners with M. marinum (Miceli, 2013) . Depending on the severity, treatment may take 3-14 months on average. Aeromonas spp. are gram-negative organisms that are part of the normal intestinal microflora of healthy fish. The two most common types of infections in humans result in gastroenteritis and localized wound infections (Byers, 2002) .
Infection with other gram-positive organisms such as Streptococcus, Staphylcocccus, Clostridium, Erysipelothrix, or the Cryptosporidium protozoa is also possible. Among the following gram-negative organisms, infection with Salmonella spp. is often cited (HHS, 2010; Levings, 2006) , though illness may occur as a result of infection with Plesiomonas shigelloides, Pseudomonas fluorescens, Escherichia coli, Klebsiella spp., and Edwardsiella tarda. Salmonella infections most often present as gastroenteritis, and signs and symptoms may include nausea, vomiting, abdominal cramps, diarrhea, fever, chills, headache, and blood in the stool. The incubation period ranges from several hours to 2 days, with signs and symptoms usually lasting 4-7 days. It is important for personnel to wear proper personal protective equipment (PPE) when working with zebrafish. The choice of PPE depends on the hazard but may include waterproof bandages on any cuts on the hands or arms, gloves appropriate for the task, a face shield based on the risk posed by the task, and a lab coat or other over garment. Most importantly, hands should be washed with soap after handling fish or contact with tank water. If proper handwashing is practiced and no experimental biological or chemical hazards are introduced, routine husbandry procedures can be performed under a "gloves optional" policy.
Animal Bytes

Chemical Exposure
Chemical exposures to staff may occur during tank cleaning or as a result of an ongoing study. Tanks taken "off-line" may be cleaned with a variety of agents depending on the tank and washing system. For polycarbonate tanks, a cage wash system or even a high-temperature dishwasher may be used, thus eliminating the need for staff to handle chemicals in the cleaning process. Tanks may also be washed by hand with chemicals and no detergent, for example with 5% acetic acid then 3% hydrogen peroxide in 0.1% sodium hydroxide (Reed, 2011) .
Small amounts of reagents are used to test water quality and to calibrate probes that monitor pH and other parameters. When not in use these should be stored in a wellmarked location. Acids and caustic reagents should be in properly labeled containers. MS-222 (tricaine methanesulfate, Finquel, Argent Labs, Redmond, WA) is a common fish anesthetic, typically purchased as a dry powder which is added to a stock solution. The Material Safety Data Sheet for tricaine states the powder can be carcinogenic if inhaled; when handling the powder to make solutions, one should use a ducted biosafety cabinet or chemical fume hood.
Chemical exposures may occur in managing live feed. Artemia is often treated with a regime of bleach and sodium hydroxide to decapsulate the brine shrimp cysts. Zebrafish research includes: investigating the effects of exposure to a variety of chemicals such as pesticides to better understand whether and how such exposures may affect early-stage human embryos and developing fetuses, drug discovery studies, and environmental studies to determine the effect of chemicals in major oil spills and those used to clean up the spills on marine life and mammals. Choice of PPE depends on the chemical hazard but should start with gloves appropriate for the task and chemical, a face shield based on the risk posed by the chemical and task, and a lab coat or other over garment.
Other Health Risks
Wet surfaces are unavoidable in aquatic facilities. Slipresistant floor materials should be used to minimize the risk and staff should wear appropriate footwear including closed-toe, non-slip shoes. Safety ladders and/or stepstools should be used to access the top rows of aquatic housing racks. Not having to reach overhead to remove a heavy fish tank decreases the likelihood of staff dousing themselves with tank water or pulling the tank down upon their head or body. Makeshift stepstools, ladders, and stools that roll or slip when in use can result in falls and spillage.
The combination of water and electrical power can lead to a risk of shock and electrocution in fish facilities. All equipment must be properly grounded and ground fault interrupters must be functioning properly to prevent this danger. Worn or frayed electric cords should be replaced, and power strips, if used, should be mounted off the ground and away from areas where water may drip or splash into the outlet.
All equipment should be properly maintained to prevent any risk of a cutting injury from sharp edges (razor blades, microinjection capillaries, etc.), and sharps containers must be available for disposal of this equipment.
Cleaning and feeding are very repetitive movements, and over time some personnel can develop repetitive movement disorders such as carpal tunnel syndrome. Finally, some personnel may develop allergies over time to aquatic animals or other agents used in the facility. Personnel should notify their supervisors when they have any suspicions that a chronic condition could be developing so it may be appropriately addressed.
New Requirements for the Care of Zebrafish
The 2011 Guide to the Care and Use of Laboratory Animals is the first edition to offer significant guidance on aquatic species, particularly zebrafish, with one section covering the need for environmental enrichment in aquatic species. This is an emergent topic and little has been established as to what environmental enrichment is actually beneficial to zebrafish. Areas to consider include social aspects, dominance hierarchy, refuge and visual barriers, and feeding behavior.
In their natural habitat, zebrafish are a schooling species. In the biomedical research animal facility, they may often be singly housed to maintain unique identity after genetic identification or for other research or veterinary necessities; this may be stressful to the fish. This may be addressed by tank arrangements that allow the fish to visualize contemporaries. For example, multicompartment flow-through tank designs share water between individual fish thus allowing them to sense each other through chemoreception-similar to terrestrial animals being able smell odors and pheromones.
Since group-housed zebrafish have a dominance hierarchy, visual barriers can decrease aggression. Mesh material such as netting material or toile fabric can be used inside a tank to provide refuge areas. Plastic plants have been suggested as well (Collymore et al., 2014) . New materials should be introduced cautiously into a zebrafish system as they may leach out dyes, bisphenol A (BPA), or other substances that can affect the health, reproduction, or maturation of the fish.
Live feeds used in zebrafish facilities include rotifers and Artemia. Besides nutrition, live feeds stimulate the natural behaviors of capturing and eating prey. www.absa.org Applied Biosafety Vol. 19, No. 4, 2014
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